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Glacier Bay National Park and Preserve in Southeast Alaska is a system of fjords that 
presents an ideal natural laboratory to study terrestrial, aquatic and marine patterns of succession 
due to its unique and recent history of deglaciation. The patterns of deep benthic community 
assemblages in the fjords of Glacier Bay were investigated by quantitative assessment of 
underwater photo-quadrats collected using a remotely operated vehicle. The percent cover and 
diversity of species were lowest near the glaciated heads of the fjords and highest in the Central 
Channel and at the mouths of the fjords of Glacier Bay, where oceanographic conditions of low 
sedimentation and increased tidal currents are favorable. The diverse communities at the mouths 
of the fjords and in the Central Channel consisted of large colonies of the Red Tree Coral, Primnoa 
pacifica, as well as sponges, brachiopods, multiple species of cnidarians, echinoderms, molluscs 
and arthropods. The communities at the heads of the fjords were heavily dominated by pioneering 
species such as brachiopoda, hydrozoan turf, the encrusting stoloniferan coral Sarcodyction 
incrustans, and smaller colonies of Primnoa pacifica. This research demonstrates a gradient of 
species dominance from the Central Channel to the heads of the glaciated fjords of Glacier Bay, 
which is likely driven by a combination of physical and biological factors such as sedimentation, 
nutrient availability, larval dispersal, and competition.
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 vii 
PREAMBLE 
The ecology of deep benthic habitats is the one of the last frontiers in marine science. The 
inaccessibility of these habitats due to their distance from shore and the depth at which they exist 
makes them extremely difficult to study. Temperate fjords around the world (e.g. Alaska, Chile, 
New Zealand and Scandinavia) support an abundance of marine life. They also have populations 
of deep-sea species that have emerged at shallower depths due to the unique oceanographic 
conditions present in temperate high and low latitude fjords. Glacier Bay National Park and 
Preserve in Southeast Alaska is one such location where deep-sea emerged species have been 
documented. Fjords where deep-sea emergence occurs are living laboratories for deep-sea 
biologists. This phenomenon brings deep-sea habitats into a more protected environment, where 
scientists aboard research vessels can conduct SCUBA and ROV operations to study these 
communities at a lower cost and without the threat of extreme weather and other complications 
common on the high seas. Naturally, the communities at shallower depths in fjords are not exactly 
the same as those found offshore; they often have different species composition and are subjected 
to different oceanographic conditions and disturbances (Brewin et al. 2014). Yet the opportunity 
to study these organisms can provide important insights into the life cycles of elusive deep-sea 
species. For example, little is understood about the reproduction, larval dispersal and recruitment 
of deep-sea coral species, and studying these species in the context of a fjord is analogous to having 
an expansive semi-controlled experiment.  
In the eastern North Pacific, the large deep-sea gorgonian Primnoa pacifica functions as 
an important biogenic habitat for a number of species. Primnoa pacifica support diverse 
assemblages of benthic invertebrates and many of these are commensal relationships. In addition 
to the abundance of benthic invertebrates, many mobile species like fish, crabs and shrimp also 
use these biogenic habitats for foraging, shelter and nursery purposes. Mature Primnoa pacifica 
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colonies often reach multiple meters in height and in width. Their tree-like morphology as well as 
their associations with commercially important fish and crabs make them vulnerable to 
disturbances caused by fishing gear (Krieger and Wing 2002). There is a debate about whether 
shelter-seeking species such as fishes and crabs gain increased benefits by using deep-sea biogenic 
habitats for protection as opposed to other habitat-forming structures such as boulders (Auster 
2005, Stone et al. 2015). More studies exploring the strength of these associations are needed, but 
the fact remains that these deep-water species are integral to their communities regardless of their 
importance to species that humans wish to exploit. Their protection is therefore of utmost 
importance, and in order to ensure informed management of the fisheries that endanger deep-sea 
corals, we must have a stronger understanding of the ecology and connectedness of these 
communities.  
The fjords of Glacier Bay National Park and Preserve present the unique opportunity to 
study deep benthic communities of Primnoa pacifica. Not only do the fjords afford us the benefits 
aforementioned, they also present us with an interesting timeseries. Glacier Bay was completely 
covered in ice 250 years ago, at the Little Ice Age maximum (Cowen et al. 2010). Glaciers began 
to retreat at variable and sometimes dramatic rates, leaving newly bare substrate for species to 
colonize. There are portions of Glacier Bay that have been deglaciated for over a century, and 
portions that have only been deglaciated for a few decades. This geochronological gradient is in 
addition to the oceanographic gradient of Glacier Bay. There is high sedimentation and 
stratification near glaciers, and stronger tidal currents and low sedimentation at the mouths of the 
fjords and in the Central Channel. Describing the patterns of benthic species assemblages along 
this gradient provides the basis for emergent natural experiments to test the biological and physical 
drivers of these patterns, which help us understand the stable states of communities and their 
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resilience potential. These studies are essential to developing effective management and to 
protecting deep-sea communities.  
This research presents the first description of deep benthic communities in Glacier Bay 
National Park and Preserve. We observed large P. pacifica colonies, as well as rich benthic 
communities that were thriving throughout the fjord system. The communities in the Central 
Channel and at the mouths of the fjords were diverse and abundant, whereas communities at the 
heads of the fjords were dominated by a handful of colonial species like brachiopods and 
hydrozoans. We also found small P. pacifica colonies at most of the sites in GBNPP, indicating 
that these populations are reproducing and recruiting successfully. These results are an exciting 
demonstration of species dominance patterns from which we can propose more hypotheses to 
study. 
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CHAPTER 1 
INTRODUCTION 
1.1 Cold-Water Corals 
In shallow coral reef ecosystems, species diversity and ecosystem processes are relatively 
well studied (Hughes et al. 2010). There are however far fewer studies of deep-sea coral 
ecosystems (but see Freiwald and Roberts 2005). Yet these ecosystems are believed to play a 
similar ecological role (in relation to supporting biodiversity) as their shallow counterparts 
(Krieger and Wing 2002, Fosså et al. 2005, Buhl-Mortensen et al. 2005, Miller et al. 2012). Fjord 
systems in areas such as Alaska, Chile, New Zealand and Scandinavia present a unique opportunity 
to study deep-sea organisms at shallower depths due to deep-water emergence. Deep-water 
emergence is a phenomenon where deep-sea species live at shallow depths in high and low latitude 
fjord ecosystems that mimic the oceanographic characteristics of the deep sea (Waller et al. 2014, 
Stone and Mondragon 2018). Glacial meltwater, and, in some cases, high precipitation levels, 
create a layer of freshwater that sits on top of the ocean water. This creates a darkening effect 
which is increased by steep fjord walls and narrow deep basins. The temperatures in the fjords are 
similar to those found at bathyal depths, and the complex bathymetry allows for strong tidal 
currents and circulation of well oxygenated, nutrient-rich water (Brewin 2003, Waller et al. 2014, 
Stone and Mondragon 2018). In such instances, cold-water corals grow on the steeply sloping 
bedrock walls of these high and low latitude fjords at depths as shallow as five meters (Grange and 
Singleton 1988, Försterra and Häussermann 2003, Waller 2014). Among these glacially cut high 
latitude fjord systems where cold-water coral ecosystems have been observed is Glacier Bay 
National Park and Preserve (referred to hereafter as GBNPP) in Southeast Alaska. Biologists 
confirmed the presence of the deep-water coral Primnoa pacifica during shallow water SCUBA 
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surveys in 2003 (Stone et al. 2005, Stone and Mondragon 2018). In 2010, sixteen deep-water sites 
were surveyed using a black and white camera across the Central Channel, the East Arm, and the 
West Arm of GBNPP at depths between 78 and 578 feet. That survey confirmed the extensive 
presence of cold-water coral ecosystems in the deeper areas of Glacier Bay (Rhian G. Waller, pers 
comm.).  
1.2 Glacier Bay National Park & Preserve 
Glacier Bay is a glacially formed system of fjords located northwest of Juneau, in Southeast 
Alaska (Fig 1). It is bounded by the Fairweather Range to the west, the Chilkat Range to the east, 
and the Saint Elias and Takhinsha Mountains to the north. Glacier Bay is the largest active glacier 
complex in the world outside of Antarctica and Greenland. It has a complex ice history; its basin 
morphology is the result of several glacial events. At the maximum of the Little Ice Age (LIA) 
about 250 years ago, the area was covered with an extensive icefield (Cowan et al. 2010). Glacier 
Bay was historically inhabited by the Huna Tlingit, who have moved with the glaciers for centuries 
(Crowell and Howell 2013). In 1925, Glacier Bay was designated a National Monument, and in 
1980, Glacier Bay National Park and Preserve was founded with the signing of the Alaska National 
Interest Lands Conservation Act (ANILCA). In 1999, Congress passed legislation to manage 
commercial fishing in GBNPP, marking the culmination of decades of efforts by various 
stakeholders to resolve this issue. The National Monument was founded with the principle mandate 
of “preserving the opportunity to conduct scientific studies,” thereby cementing the spirit of 
research and discovery that is still alive today. Glacier Bay National Park and Preserve remains a 
relatively pristine environment and is presently free of commercial fishing activity or other major 
anthropogenic disturbances.  
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Glacier Bay National Park and Preserve is comprised of the East Arm, West Arm and 
Central Channel. The major inlet in the East Arm is Muir Inlet. Adams Inlet branches off to the 
east and Wachusett Inlet to the west. The East Arm has one tidewater glacier, McBride Glacier, 
which has been retreating since the 1960s. There are several grounded glaciers in the East Arm: 
Riggs Glacier, which grounded in the mid-1980s, and Muir Glacier, which had extreme rates of 
retreat and calving beginning in the 1890s and grounded at the head of the fjord in 1993 (Horton 
et al. 2016). Tarr Inlet is the major inlet of the West Arm, with Johns Hopkins Inlet branching off 
to the west. Johns Hopkins Glacier and Gilman Glacier are tidewater glaciers in Johns Hopkins 
Inlet, some of few glaciers that are currently advancing. Margerie Glacier is a hanging glacier; its 
terminus was relatively stable until it resumed its retreat in recent years. Lamplugh Glacier and 
Reid Glacier in the West Arm are now considered grounded, although they still contribute 
sediment and glacial-melt water to the fjord estuary. These two fjords, the East Arm and West 
Arm, are joined together in a Central Channel that leads over the submerged terminal moraine and 
out into the Southeastern Alaskan Continental Shelf and the Pacific via Icy Strait.  
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Figure 1. Map of Glacier Bay National Park & Preserve. This map shows study sites in the Central 
Channel, East Arm and West Arm. This map includes the names of the inlets in white boxes and 
glaciers in blue boxes as well as the locations of the study sites. 
Although many of the glaciers in GBNPP are now grounded, they contribute a 
consequential amount of glacial-melt water and fine sediment (Hampton et al. 1987, O’Neel et al. 
2015). This is in addition to the freshwater runoff from precipitation that is naturally heightened 
by the steep sloping walls of the fjords (Hill et al. 2009). Long established vegetation contributes 
to a more diverse and abundant underwater benthic community at the mouths of fjords by reducing 
runoff and sediment erosion (Carney et al. 1999). The tidal currents at the heads of the fjords are 
weaker than in the Central Channel of GBNPP and there is strong stratification due to increased 
sedimentation and freshwater discharge. This leads to lower light levels and lower potential 
nutrient renewal at the surface (Etherington et al. 2007). Nutrient renewal supports primary 
productivity in the shallow ocean. The increased biomass of phytoplankton and zooplankton that 
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thrive as a result of increased nutrient renewal enriches the food supply to the deep-sea when they 
decay and sink to the ocean floor (Jahnke 1996). Conversely, the shallow sill entrance of GBNPP 
has strong tidal currents, which enhances vertical mixing and decreases stratification. Etherington 
et al. (2007) describes the deep central basins of GBNPP as having optimal conditions for 
aggregations of benthic suspension-feeding organisms because this is where fjord and shallow sill 
processes meet. The deep central basins are where stratification is intermediate, sedimentation is 
low and light levels are high, thus these areas have increased POC. This is also where deep-water 
emergence of P. pacifica has been well documented. Colonies growing at the mouths of the fjords 
are more robust than those found near glaciers where sedimentation is increased, and the food 
supply is reduced (Stone and Mondragon 2018). Carney et al. (1999) found that shallow benthic 
species composition differed greatly between glaciated fjords in GBNPP and non-glaciated fjords 
in Southeast Alaska. They also found that shallow benthic species richness and abundance 
increased significantly from the head of the glaciated fjords to the mouths of those same fjords, 
citing glacial sedimentation as a primary driver of the observed differences.  
1.3 Primnoa pacifica Ecology in Alaska 
Primnoa pacifica (Kinoshita, 1907) is a dichotomously branching alcyonacean that 
belongs to the Primnoidae family found only in the North Pacific Ocean (Cairns and Bayer 2005). 
Mature P. pacifica colonies are massive tree-like structures, often exceeding two meters in height 
and several meters in width (Krieger and Wing 2002). The age of large individuals can exceed 100 
years (Andrews et al. 2002). Their depth range is between 6 and 1029 meters (Cairns and Bayer 
2005, Stone and Cairns 2017), though they are most commonly found at around 500 meters on 
seamounts and the Alaskan continental shelf edge of the Northern Pacific. Studies have shown that 
these large benthic invertebrates provide structure and function to a variety of invertebrate and 
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vertebrate species in the deep sea, especially to economically important species such as rockfishes 
and crabs (Krieger and Wing 2002, Stone 2014, Stone et al. 2015). Primnoa pacifica colonies in 
Alaska are essential to providing habitat for a diverse group of organisms, exhibiting keystone 
species characteristics (Stone et al. 2015, Stone and Mondragon 2018) as defined by Power et al. 
(1996). Understanding patterns of species diversity and abundance is of paramount importance to 
their conservation, and studying the distribution of habitat-forming organisms, like P. pacifica, is 
of particular importance because of the positive effect they have on the biodiversity of their 
community (Buhl-Mortensen et al. 2010).  
1.4 Research Goal 
The purpose of this thesis is to report the first description of deep benthic community 
structure in Glacier Bay National Park and Preserve, Alaska. To evaluate the deep benthic habitats 
in GBNPP, video footage was collected at ten study sites throughout the fjord system using a 
remotely operated vehicle (ROV). The age of deglaciation at each of the study sites differs due to 
the variable rates at which glacial retreat occurred across Glacier Bay after the LIA (Cowan et al 
2010, O’Neel et al. 2015, Horton et al. 2016). The results reported here occur across a gradient of 
diversity that informs our understanding of the biological and ecological processes (succession, 
competition, etc.), and physical processes (sedimentation, stratification, etc.) that may drive 
patterns of benthic community composition.  
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CHAPTER 2 
MATERIALS AND METHODS 
2.1 Study Site and Data Collection 
Ten sites were chosen to represent the geochronological and oceanographic gradients of 
Glacier Bay. Underwater video of vertical transects was collected at depths between 100 and 300 
meters using the remotely operated vehicle (ROV) Kraken2 (University of Connecticut) in March 
of 2016. Sites were selected based on existing knowledge of shallow cold-water coral ecosystems 
in the region, or on inferences made by the Co-PIs based on habitat knowledge from previous 
studies (Stone et al. 2005, Harney et al. 2006, Etherington et al 2007, Hodson et al. 2013). Four 
sites were located in the East Arm, four in the West Arm, and two in the Central Channel. The ten 
sites were further classified into zones corresponding to their proximity to tidewater glaciers and 
to the terminus of the fjord in which they are located as “near” (<10km), “mid” (20-40km) or “far” 
(>50km) (Fig. 1).  Metadata and length of transect for each site are presented in Table 1.  
The ROV dives were conducted as vertical transects, beginning near the deep central axis 
of the fjord, then moving towards the base of the wall and ascending the wall towards the surface. 
The mission of the ROV dives was two-fold: to collect coral specimens for other studies (e.g. 
reproductive, genetic, and aging) and to conduct video transects for community analysis. The ROV 
was equipped with paired parallel scaling lasers that were set at 10 cm apart for image calibration, 
and an onboard CTD system for temperature and salinity data.  
The transects were treated as a series of non-overlapping quadrats as opposed to a 
continuous video strip transect to allow comparisons between sites where transect lengths differed 
(Table 1). Portions of the transect were chosen for analysis based on the presence of epibenthic 
fauna and resolution of the substrate. Frame captures were taken from the videos and a 10x10 grid 
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was superimposed on each image, calibrated with the scaling lasers, which resulted in 1m2 quadrats 
in order to record taxa percent coverage. Quadrats were also groundtruthed with video footage in 
order to assure thorough recording of qualitative substrate characteristics and presence and percent 
cover of different taxa.  
2.2 Environmental Data Collection 
The CTD aboard the ROV collected conductivity, temperature, density and salinity data. 
Depth, latitude, and longitude were recorded by the ROV throughout the dive. The temperature 
and salinity data were analyzed in Microsoft Excel (16.20). Qualitative substrate characteristics, 
e.g. substrate type (bedrock, cobble, pebble, sand, or soft sediment) and slope (<30 or >30), were 
scored to assess dominant habitat type and overall heterogeneity between sites (Table 1).  
Table 1. ROV Metadata by Site. This table shows the site name and abbreviation, the 
corresponding station number, the location of the site, the distance to glacial input, average 
temperature and salinity, the depth of the transect, as well as qualitative substrate characteristics. 
Site Name & 
Abbreviation 
Station Location 
Distance 
to 
Glacier 
(km) 
Average 
Temperature 
at Depth 
(C) 
Salinity 
at 
Depth 
(psu) 
Transect 
Start 
Depth 
(m2) 
Dominant 
Substrate 
Dominant 
Slope 
(degrees) 
Approx. 
Area 
Surveyed 
(m2) 
Johns Hopkins 
1 (J1) 
28 West 4.06 6.02 30.08 299.88 Bedrock/Soft Sed >30 24 
Johns Hopkins 
2 (J2) 
43 West 5.54 6.02 30.83 313.19 Bedrock >30 56 
White Thunder 
Ridge Sill 
(SILL) 
13 East 6.46 6.02 30.69 204.93 Bedrock >30 43 
White Thunder 
Ridge (WTR) 
4 East 8.62 6.00 30.8 232.54 Bedrock >30 34 
West Dahl 
Point (WD) 
62 East 12.45 6.02 30.7 197.09 Bedrock/Soft Sed >30 27 
George's Point 
(GP) 
23 East 25.26 6.01 30.74 300.27 Bedrock/Soft Sed >30 47 
Happy Knobb 
(HK) 
66 West 40.09 6.17 30.91 411.99 Bedrock >30 75 
Tidal Bulge 
(TB) 
37 West 43.92 6.09 30.91 417.47 Bedrock >30 41 
Central 
Channel 1 (C1) 
53 
Main 
Bay 
48.05 6.12 30.91 318.86 Soft Sed <30 24 
Central 
Channel 2 (C2) 
58 
Main 
Bay 
49.55 6.12 30.91 318.86 Bedrock <30 24 
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2.3 Community Analysis 
Size classes were estimated for Primnoa pacifica colonies in each quadrat in order to 
distinguish areas by colony size and identify areas where new individuals had recruited to the 
substrate. Species were identified to the lowest possible taxon and verified by experts or 
groundtruthed using specimen collections. The majority of organisms in the transects were 
quantified using percent cover. However, morphospecies that were too rare to record as percent 
cover (comprising of less than 5% of total area surveyed) were enumerated for the species richness 
analysis. Portions of the transect where Primnoa pacifica colonies were present in such abundance 
that the substrate and other organisms were not visible were classified as areas of dense “thicket 
habitat” (as described by Stone 2015) and accounted for in the metadata. Due to the arboreal and 
variable morphology of Primnoa pacifica and other alcyonaceans, determining coral cover or 
biomass based on video footage was difficult. In this analysis, coral coverage was recorded in two-
dimensional space. The reasoning for this was that one large colony effectively creates three-
dimensional ecological space whereas its base might only occupy a small footprint of the quadrat.  
2.4 Statistical Analysis 
Multivariate comparisons and diversity estimates of benthic epifaunal communities were 
conducted using Primer 6 software (PRIMER-E, Ivybridge, UK). In order to determine which 
study sites were similar in their benthic assemblages, data were standardized, and square-root 
transformed, then a Bray-Curtis similarity matrix was calculated for non-metric multidimensional 
scaling (nMDS) and group average hierarchical cluster analysis. Next, analysis of similarity 
(ANOSIM) routines of 999 permutations were conducted to test the significance of the 
geographical site groupings (near, mid, far, Fig 1). Lastly, a similarities percentage routine 
(SIMPER) was conducted to identify which species were driving the differences between 
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geographical site groupings. Richness for each site was visualized with species accumulation 
curves (CHAO 1 and Michaelis-Menten curves, 999 permutations) using presence/absence data. 
The environmental data – temperature and salinity at depth – were analyzed in Microsoft Excel 
(version 16.20).  
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CHAPTER 3 
RESULTS AND DISCUSSION 
3.1 Habitat Characteristics 
The dominant habitat type in the near glacier and mid fjord sites was vertical and comprised 
of hard substrate (bedrock), as would be expected in a fjord ecosystem. The sites that had a notable 
amount of soft sediment and turbidity were the Johns Hopkins sites, and West Dahl Point and 
George’s Point where the sediment was primarily accumulated on the horizontal steps of the walls. 
The Central Channel transects were shallow sloping or horizontal seabed as opposed to vertical 
wall transects and were comprised of a mixture of bedrock, soft sediment and barnacle reefs (Table 
1). The site averages for the environmental data collected by the CTD aboard the ROV were 
relatively narrow, between 6.00C and 6.17C for bottom temperature, and between 30.08 psu and 
30.91 psu for salinity (Table 1).  
3.2 Benthic Assemblages 
The species accumulation curves (Sobs) indicated that the sampling effort adequately 
captured the species diversity at each study site as each curve was asymptotic or near-asymptotic 
(Fig 2a). The Chao 1 richness estimator indicated that on average, once approximately 25 quadrats 
were sampled, there were few additional species likely to be found in each zone (Fig 2b).There 
were 31 taxa identified during video analysis (Appendix B) and there were five dominant 
morphospecies present in all three zones: Primnoa pacifica, the brachiopod Laqueus californicus, 
hydrozoan turf, the encrusting stoloniferan coral Sarcodyction incrustans and demosponges (Fig 
3). The majority of sessile taxa observed were cnidarians (e.g. Primnoa pacifica, anemones, 
solitary cup coral Caryophyllia arnoldi, and hydrozoan turf) followed by brachiopods and porifera. 
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The most abundant mobile taxa observed were echinoderms, such as brittle stars, basket stars, sea 
cucumbers, urchins and multiple species of sea star.  
The near-glacier sites in the East Arm and in the West Arm had low average species 
richness and abundance (Fig 4). The mid-fjord sites in the East Arm had high species richness and 
abundance. The mid-fjord sites in the West Arm, HK and TB, had the highest abundance of large 
and dense Primnoa pacifica colonies. The data at these sites showed lower species richness than 
expected, which is attributed to the difficulty of observing dense coral habitats using an ROV and 
not to decreased diversity. The sites that were located far from glaciers, in the Central Channel, 
had the highest species richness, evenness and abundance (Fig 4). 
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Figure 2. Species Accumulations Curves and Richness Estimates. (a) The species accumulation 
curve, S observed, shows the average observed species for each zone (near, mid and far) with 
standard deviation error bars present. (b) Average CHAO 1 richness estimator curves for each zone 
(near, mid and far). For individual site species accumulation curves and CHAO 1 richness 
estimates see Appendix A. 
0
5
10
15
20
25
30
0 5 10 15 20 25 30
N
o
. S
p
ec
ie
s
No. Samples
Near
Mid
Far
0
5
10
15
20
25
30
0 5 10 15 20 25 30
R
ic
h
n
e
ss
 E
st
im
at
e
No. Samples
Near
Mid
Far
(b)
(a) 
 14 
Figure 3. Pictures of Taxa Observed. (a) octopus under barnacles, brittle star arms visible (b) 
anemones (c) tube dwelling annelid worms (d) encrusting stoloniferan coral Sarcodyction 
incrustans (e) Small, 10 – 20 cm, Primnoa pacifica colonies with brachiopds (f) fish in Primnoa 
pacifica colony (g) Caryophyllia arnoldi and hydrozoan turf (h) barnacles with egg mass on large 
a
h
d
g
fe
b c
lj k
i
10 mm
10 mm
10 mm
 15 
Primnoa pacifica colony (i) snail Fusitriton oregonensis laying egg capsules with Caryophyllia 
arnoldi and blood star (j) crab in large Primnoa pacifica colony (k) Large Primnoa pacifica colony 
(l) Primnoa pacifica colony with predatory nudibranch Tritonia diodema, barnacles, anemone and 
schooling fish. Scale bar 10cm unless otherwise noted. 
Small (<10cm) colonies of Primnoa pacifica were observed at every site except for Tidal 
Bulge (TB) and Happy Knobb (HK), where only colonies greater than 20cm were observed. This 
is unlikely owing to the absence of small P. pacifica recruits but because of the high density of 
massive P. pacifica colonies and consequently poor resolution of the substrate at these sites. As 
such, the data resulted in a lower richness of species than expected based on the literature of the 
local ecology of P. pacifica thicket habitats (Kreiger and Wing 2002; Stone et al. 2015). It is 
important to note however that the transects at these sites (TB and HK) were conducted at 
approximately 100 to 200 meters deeper than the rest of the sites (Table 1). Studies have shown 
that coral colonies are generally larger as depth increases in fjord environments (Waller et al. 
2014), and species associated with P. pacifica are likely affected by depth in specific ways. Even 
a relatively small depth difference may have an effect on a number of biotic and abiotic factors 
that organisms experience. For example, increased current velocities occur where the topography 
changes on a slope, potentially increasing the particulate organic carbon (POC) flux (i.e. food 
supply) delivered, which can lead to higher densities of suspension-feeding organisms (Hecker 
1990). Throughout most of the oceans, the most rapid rate of species turnover in the deep-sea 
occurs at the upper to mid-bathyal depths, the bathyal region is described as 200 to 4000 meters in 
this context (Carney 2005). Deep-sea species generally have restricted depth ranges. The widths 
of these ranges and the abundances within these ranges vary for each species as they overlap with 
each other (Rex and Etter 2010), leading to changes in patterns of species dominance as observed 
in this study. However, the uninterrupted benthic surveying that is necessary to conclusively 
determine zonation patterns is complicated by the patchiness of benthic community assemblages 
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in GBNPP. The changes in beta-diversity in GBNPP are likely controlled by several variables 
outside of the scope of this research.  
It is expected that sampling effort (i.e. number of frames analyzed) would have an effect 
on the estimate of species richness but the data show that the species richness was highest at the 
study sites with the lowest number of frames analyzed (e.g. the Central Channel sites) and the sites 
with the highest number of frames analyzed had the lowest species richness (Table 1). The high 
abundance of dense P. pacifica thickets at Happy Knobb (HK) and Tidal Bulge (TB) in the West 
Arm led to there being more frames analyzed in an attempt to better observe the benthic community 
and to bolster our characterization of these sites. Similar to Michaelis et al. (2019), we suspect that 
increased sampling efforts across all study sites would support the overall spatial gradient of 
species distribution in GBNPP as shown by this research. However, there is no foreseeable solution 
to the problem of large P. pacifica colonies blocking the ROV camera’s view of the substrate and 
consequently the associated taxa at depths exceeding SCUBA capabilities, especially in areas 
where visibility is low due to sedimentation.  
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Figure 4. Species Dominance by Site. The sites in this graph are organized by proximity to glacial 
input (site J1 is closest to a tidewater glacier and site C2 is the furthest).  
Sites that were in geographical proximity to each other grouped together in the non-metric 
multidimensional scaling (nMDS) analysis. However, there was one notable exception, the species 
assemblages of the two Central Channel sites were quite difference from one another even though 
they were only separated by 1.5 km (Fig 5). The geographical site groupings (near, mid, far) were 
shown to be significantly different from one another based on the one-way ANOSIM routine 
results, with a sample statistic (Global R) of 0.428 (p = 0.018). In an ANOSIM routine a sample 
statistic of “0” indicates no observed difference between groups and a sample statistic of “1” 
indicates perfect difference between groups. The sample statistic of 0.428 indicates that there was 
similarities of community assemblages but that there remained significant differences between site 
groupings. The taxa that contributed to approximately 50% of the dissimilarity between 
neighboring sites C1 and C2 were brachiopods, hydrozoan turf and barnacles (Appendix C). Site 
C1 was dominated by brachiopods and sponges, and site C2 was dominated by hydrozoan turf and 
barnacles as demonstrated by the similarity percentage routine (SIMPER). The sites were 
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separated by 1.5 kilometers latitudinally and the transects at both sites were conducted between 
200 and 300 meters. Due to the proximity of the two sites, it is reasonable to assume that 
oceanographic variables affecting them are comparable, though it should be noted that the 
dominant substrate at C1 was sediments and the dominant substrate at C2 was bedrock. 
 
Figure 5. Non-metric Multidimensional Scaling Plot. This graph represents the nMDS analysis in 
two-dimensional space. The nMDS used a Bray-Curtis similarity matrix calculated from percent 
coverage data that were standardized and square-root transformed. Green circles indicate 70% 
similarity. 
The group average hierarchical cluster dendrogram showed three groupings of similar 
species composition: the Johns Hopkins sites (J1 and J2), the Central Channel site that was furthest 
from glaciers (C2) and the rest of the sites (WTR, SILL, HK, TB, GP, WD, and C1) (Figs. 5 and 
6). The secondary cluster showed likenesses between East Arm sites (WD and GP), the West Arm 
sites (HK and TB), and the near glacier sites in the East Arm (WTR and SILL) (Fig 6). This 
suggests patterns of fidelity in species dominance determined not only by their proximity to 
glaciers but also by which fjord they inhabit. Two-way nested ANOSIM did not show significance 
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of dissimilarity between sites based on which fjord the sites were in, but because of the small 
number of sites, not enough replicates (therefore permutations) were possible to allow a reasonable 
significance test (Clarke and Gorley 2006). The differences in benthic community composition 
between fjords deserves further study based on our knowledge of the disparity of rates of glacial 
retreat and other physical factors between the West and East Arm.   
Etherington et al. (2007) found that the highest levels of chlorophyll a in Glacier Bay were 
in the central bay and the lower reaches of the East and West Arms. The water column conditions 
– low stratification, low sedimentation, and moderate current speeds – in these locations were also 
the most optimal for a high concentration of benthic organisms. Sedimentation is a strong control 
on species diversity and distribution, and sedimentation levels near tidewater glaciers can be some 
of the highest in the world (Cowan and Powell 1991, Harney et al. 2006). These oceanographic 
patterns support our findings of low diversity and abundance at near-glacier sites, and those of 
higher diversity and abundance in the lower East and West Arms as well as in the Central Channel. 
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Figure 6. Site Similarity Dendrogram. This group average CLUSTER analysis dendrogram was 
constructed from a Bray-Curtis similarity matrix calculated from percent coverage data, which 
were standardized and square-root transformed for analysis. Site abbreviations in Table 1. 
3.3 Species Dominance 
Sites that were in the same geographical zone (near, mid, far) had strong similarities of 
community composition to one another. The SIMPER routine demonstrated that the average 
similarity within the near zone sites was 70.63%, average similarity within mid-fjord zone sites 
was 78.64%, and average similarity within far zone sites was 72.31%. Primnoa pacifica was the 
principal driver of similarity between sites in each zone, followed by brachiopods (Appendix B). 
The near glacier and far sites had an average dissimilarity of 34.91%, which was largely driven by 
the abundance of hydrozoan turfs, which were more abundant at the sites near glaciers, and 
barnacles and brachiopods, which were more abundant at the far sites. This is in addition to the 
triton snail, Fusitriton oregonensis, and ophiuroids which were observed at the far sites and not at 
the near sites. The near sites in Johns Hopkins Inlet (J1 and J2) were dominated by hydrozoan turfs 
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while the near sites in the East Arm (WTR and SILL) were dominated by the brachiopod Laqueus 
californicus and the encrusting stoloniferan coral Sarcodictyon incrustans.  
Substrate type likely contributed to the differences in species composition observed at the 
two Central Channel sites, as well as processes not quantified by this study (e.g. competition). The 
southern Central Channel site (C2), was characterized by the presence of large barnacle outcrops 
and dense assemblages of anemones and ophiuroids. Many ophiuroids, basket stars and brittle 
stars, live in mutualistic relationships with large structure-forming corals (Grange 1991, Krieger 
and Wing 2002). They use their perch on coral branches to more easily access food in the water 
column and sometimes even remove suspended materials that could suffocate coral polyps 
(Grange 1991). Their presence in the Central Channel and lower East and West Arms of Glacier 
Bay are likely due to the increased tidal currents in those areas of the fjord system (Etherington et 
al. 2007). The northern Central Channel site (C1) transect covered expanses of both soft sediment 
bottom where pennatulaceans were observed, and hard substrate that had dense populations of the 
solitary scleractinian coral Caryophyllia arnoldi and brachiopods. Brachiopods occur frequently 
in Chilean (Fösterra et al 2008) and British Columbian (Tunnicliffe 1981, Tunnicliffe and Wilson 
1988) fjords, as well as in the fjords of Southeast Alaska (Stone and Mondragon 2018). Tunnicliffe 
and Wilson (1988) documented that the endemic brachiopod species, Laqueus californicus, is 
tolerant to high turbidity, high turbulence, and low oxygen concentration environments. Thayer 
(1985) demonstrated that brachiopods are not a palatable prey item. The lack of predation on 
brachiopods and their ability to succeed in marginal environments lends to their ubiquity in Pacific 
fjords.  
Protection seekers such as fish, crabs and shrimp (Fig 2f and 2j) were observed at the far 
and mid fjord sites. The majority (>75%) of mobile taxa were observed in frames with P. pacifica 
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and sponges. At these sites, the presence of the predatory nudibranch Tritonia diomedea (Fig 2l) 
was recorded on P. pacifica branches as was the presence of the triton snail Fusitriton oregonensis. 
The triton snails were observed laying egg capsules on bedrock adjacent to P. pacifica colonies 
(Fig 2i), and three different unidentified kinds of egg masses were observed on the coral’s branches 
(e.g. Fig 2h). The pattern of increased species richness and abundance as the sites gain distance 
from the glacial input demonstrates classic successional processes; glaciers retreat, and hard 
substrate is made available for colonization by pioneer species (Carney et al. 1999). Stone and 
Mondragon (2018) suggest that P. pacifica demonstrates characteristics of being a pioneer species 
due to its presence on substrate that has been deglaciated for as little as two decades, and this study 
supports this suggestion. Another notable pattern is the scarcity of top predators and shelter-
seeking taxa at the near-glacier sites, this is likely due to the lack of large coral colonies in these 
areas.  
Primnoa pacifica is classified as Essential Fish Habitat (EFH) in the eastern North Pacific 
(Andrews et al. 2002) and is protected by provisions in the Magnuson-Stevens Act (NMFS, 1996) 
as Habitat Areas of Particular Concern (HAPC) in the Gulf of Alaska (Heifetz 2002; Stone et al 
2015). Deep sea coral and sponge habitats in Alaska create important biogenic structures that 
support diverse communities of invertebrates, which in turn may support economically important 
species of fish and crabs (Miller et al. 2012). The strength of P. pacifica’s effect on its community 
or ecosystem has been examined (Stone et al. 2015). Although this research targeted P. pacifica 
ecosystems in GBNPP and did not sample bare substrate, we believe that our results support the 
suggestion that P. pacifica is important biogenic habitat in deep-sea ecosystems as nearly all 
benthic taxa observed and described herein centered around colonies of P. pacifica.  
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3.4 Implications and Future Research 
Primnoa pacifica has a high potential for physical disturbance due to its arboreal 
morphology. In Glacier Bay specifically, disturbances include iceberg scour, and rock and ice 
slides due to the steep fjord walls. Although these physical disturbances are natural as opposed to 
anthropogenic, the consequences remain the same. Such partial or complete removal of a colony 
is certain to negatively affect the populations of associated species as well as the reproductive 
output of these coral populations (Krieger and Wing 2002, Miller et al. 2012, Waller et al. 2014, 
Stone et al. 2015). Determining the potential for resilience could have important implications for 
the conservation of these cold-water coral habitats, especially for those that are not protected from 
anthropogenic disturbances Glacier Bay National Park and Preserve is a model environment in 
which to investigate such questions because of the protections afforded to it since 1925 as a 
National Monument and subsequently as a National Park. This study is a natural experiment that 
results in the identification of patterns based on differences in physiographic settings and patterns 
of natural disturbance. These results identify variations in community structure that could be 
expected in other areas and inform the expectations of recovery from natural or human caused 
disturbances.  
Recovery research is already the focus of much of the terrestrial and aquatic research that 
takes place in Glacier Bay National Park and Preserve due to the unique and varying rates of glacial 
recession. The patterns of diversity and abundance described here show a gradient of species 
dominance that correspond to latitude and therefore glacial influence. The tenets of ecology 
indicate that descriptions of community patterns are the first step to understanding the processes 
that drive those patterns. The conclusions of this study could help inform further ecological studies 
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in GBNPP. Understanding the processes – such as larval dispersal, recruitment, predation, 
competition, etc. – that drive patterns is critical to the conservation of these ecosystems.  
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CHAPTER 4 
CONCLUSIONS 
This is the first report of the structure of deep-sea coral communities within National Park 
boundaries, as well as the first description of deep benthic community structure in Glacier Bay 
National Park and Preserve, Alaska. Glacial fjords are effectively living laboratories for deep-sea 
biologists, providing the unique opportunity to study the deep-sea in an accessible and relatively 
controlled environment. This research demonstrates the gradient of species richness and 
abundance in coral communities in a glacial fjord estuary and the importance of Primnoa pacifica 
to benthic ecosystems in Alaska. 
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APPENDIX A – SPECIES ACCUMULATION CURVES AND RICHNESS 
ESTIMATORS ACROSS SITES 
 
 
  
 
 
 
 
Figure 7. Species Accumulation Curves for Sites in Near Zones. (a) The species accumulation 
curve, S observed, shows the average observed species for each site in the Near zone (J1, J2, Sill, 
WTR) with standard deviation error bars present. (b) Average CHAO 1 richness estimator curves 
for each site in the Near zone (J1, J2, Sill, WTR) with standard deviation error bars present. Legend 
applies to Figures 7a and 7b. 
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Figure 8. Species Accumulation Curves for Sites in Mid Zones. (a) The species accumulation 
curve, S observed, shows the average observed species for each site in the Mid zone (WD, HK, 
GP, TB) with standard deviation error bars present. (b) Average CHAO 1 richness estimator 
curves for each site in the Mid zone (WD, HK, GP, TB) with standard deviation error bars 
present. Legend applies to Figures 8a and 8b. 
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Figure 9. Species Accumulation Curves for Sites in Far Zones. (a) The species accumulation 
curve, S observed, shows the average observed species for each site in the Far zone (C1, C2) 
with standard deviation error bars present. (b) Average CHAO 1 richness estimator curves for 
each site in the Far zone (C1, C2) with standard deviation error bars present. Legend applies to 
Figures 9a and 9b. 
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APPENDIX B – TABLE 2. RELATIVE FREQUENCY OF TAXA OCCURENCE 
 
 
Taxa Relative Frequency of Occurrence 
  
Phylum Species Central Channel 
Far 
East Arm 
- Mid 
West Arm - 
Mid 
East Arm -
Near 
West Arm - 
Near 
Porifera Demospongiae 0.4167 0.5811 0.3793 0.5195 0.3500 
 
Hexactinellida 0.0417 0.0405 0 0.0390 0.0125 
 
Encrusting white 0.1458 0.0135 0 0.0130 0.0125 
Cnidaria Primnoa pacifica (1) 0.3333 0.2297 0 0.0909 0.5625 
 
Primnoa pacifica (2) 0.3333 0.3784 0.0690 0.2078 0.6625 
 
Primnoa pacifica (3) 0.5208 0.4865 0.0948 0.2597 0.5125 
 
Primnoa pacifica (4) 0.2500 0.4595 0.8966 0.5844 0.2750 
 
Caryophyllia arnoldi 0.5833 0.0270 0.1034 0.0000 0.5125 
 
Sarcodyction incrustans 0.7292 0.3378 0.1121 0.5974 0.7250 
 
Hydroids 0.2500 0.0270 0 0.1948 0.9875 
 
Anemone 0.5625 0.6216 0.5172 0.6623 0.6625 
 
Metridium 0 0.0541 0.0172 0.0390 0 
 
Pennatulaceans 0.1250 0.0405 0 0 0 
Mollusca Hairy Triton Snail 0.3958 0.2568 0.0345 0 0 
 
Tritonia diomedea 0.5000 0.1622 0.0345 0.0130 0 
 
Calliostomid Snail 0 0.0135 0 0 0 
 
Octopus 0.0417 0.0135 0 0.0130 0 
 
Squid 0 0 0 0 0.0125 
Annelida Tube Worms 0.0833 0.3514 0.0259 0.4416 0.2875 
Brachiopoda 0.8125 0.7568 0.6379 0.8831 0.9875 
Arthropoda Barnacles 0.6667 0.7297 0.0086 0.0130 0 
 
Spider Crab 0 0 0.0345 0 0 
 
Crab 0.0625 0.0541 0 0.0130 0 
 
Shrimp 0 0.0405 0 0.0390 0.0500 
Echinodermata Hippasteria phrygiana 0.1042 0 0 0 0 
 
Sea Star/Other 0 0.0135 0 0 0 
 
Basket Star 0.3542 0.0541 0 0 0 
 
Brittle Star 0.5000 0 0 0 0 
 
Sun Star 0.0625 0 0.0259 0 0 
 
Urchin 0.1250 0.1216 0 0.0130 0.0750 
 
Cucumber scaley 0.3125 0.0811 0.0690 0 0 
 
Cucumber sediment 0.0417 0.0135 0 0 0 
 
Blood Star 0.4583 0.1216 0.0345 0.0649 0 
Hemichordata Tunicate 0.0417 0.0135 0 0 0.0375 
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APPENDIX C – SIMILARITY PERCENTAGE (SIMPER) ROUTINES 
 
SIMPER Routine – All Sites 
 
Group Near 
Average similarity: 70.63 
 
Species Av.Abund Av.Sim Sim/SD Contrib% Cum.% 
Brachiopod     4.29  15.46   8.06    21.89 21.89 
Primnoa pacifica     4.48  15.43   2.44    21.84 43.73 
Anemones     3.01  11.64  33.06    16.47 60.20 
Hydrozoan turf     4.40   9.80   0.89    13.88 74.09 
Sarcodictyon     3.16   8.50   4.27    12.03 86.12 
Sponges     1.94   5.46   2.07     7.72 93.84 
 
Group Mid 
Average similarity: 78.64 
 
Species Av.Abund Av.Sim Sim/SD Contrib% Cum.% 
Primnoa pacifica     6.42  24.60   3.92    31.28 31.28 
Brachiopod     5.05  20.00  14.69    25.44 56.72 
Sponges     2.09   8.36  14.86    10.63 67.35 
Anemones     2.18   7.85   3.54     9.98 77.33 
Sarcodictyon     2.40   6.59   3.26     8.38 85.71 
Barnacles     2.93   5.79   1.05     7.36 93.07 
 
Group Far 
Average similarity: 72.31 
 
Species Av.Abund Av.Sim Contrib% Cum.% 
Primnoa pacifica     5.02  16.11    22.27 22.27 
Brachiopod     4.64   8.90    12.31 34.58 
Hydrozoan turf     3.54   8.23    11.39 45.97 
Sarcodictyon     2.84   7.52    10.41 56.38 
Anemones     2.30   6.29     8.70 65.08 
Barnacles     2.72   6.21     8.59 73.67 
Brittle Star     1.51   4.86     6.72 80.39 
Caryophillia arnoldi     1.94   4.32     5.97 86.36 
Sponges     1.74   3.60     4.98 91.34 
 
Groups Near  &  Mid 
Average dissimilarity = 33.16 
 
 Group Near Group Mid                                
Species   Av.Abund  Av.Abund Av.Diss Diss/SD Contrib% Cum.% 
Hydrozoan turf       4.40      0.64    8.25    1.14    24.89 24.89 
 35 
Barnacles       0.04      2.93    6.09    1.31    18.36 43.25 
Primnoa pacifica       4.48      6.42    4.81    1.41    14.51 57.75 
Sarcodictyon       3.16      2.40    3.85    1.17    11.60 69.35 
Brachiopod       4.29      5.05    2.62    1.55     7.90 77.26 
Sponges       1.94      2.09    1.96    2.38     5.93 83.18 
Anemones       3.01      2.18    1.85    1.10     5.58 88.77 
Polychaete       1.12      0.69    1.47    1.44     4.42 93.19 
 
Groups Near  &  Far 
Average dissimilarity = 34.91 
 
 Group Near Group Far                                
Species   Av.Abund  Av.Abund Av.Diss Diss/SD Contrib% Cum.% 
Hydrozoan turf       4.40      3.54    6.14    1.93    17.58 17.58 
Barnacles       0.04      2.72    5.16    2.76    14.79 32.36 
Brachiopod       4.29      4.64    4.04    1.72    11.56 43.93 
Caryophillia arnoldi       0.32      1.94    3.11    1.98     8.91 52.84 
Sarcodictyon       3.16      2.84    3.00    1.21     8.60 61.44 
Brittle Star       0.00      1.51    2.93   10.61     8.39 69.83 
Primnoa pacifica       4.48      5.02    2.22    0.98     6.35 76.18 
Tritonia diomedea       0.04      1.04    1.93    6.64     5.53 81.71 
Hairy Triton Snail       0.00      0.97    1.87    2.00     5.35 87.06 
Sponges       1.94      1.74    1.84    1.23     5.26 92.33 
 
Groups Mid  &  Far 
Average dissimilarity = 31.08 
 
 Group Mid Group Far                                
Species  Av.Abund  Av.Abund Av.Diss Diss/SD Contrib% Cum.% 
Hydrozoan turf      0.64      3.54    5.54    2.31    17.81 17.81 
Barnacles      2.93      2.72    4.00    1.80    12.86 30.67 
Brachiopod      5.05      4.64    3.97    2.96    12.76 43.43 
Primnoa pacifica      6.42      5.02    3.13    1.83    10.06 53.48 
Caryophillia arnoldi      0.39      1.94    2.93    2.00     9.42 62.91 
Brittle Star      0.00      1.51    2.89   10.24     9.31 72.21 
Sarcodictyon      2.40      2.84    2.47    1.71     7.94 80.15 
Tritonia diomedea      0.34      1.04    1.35    2.70     4.33 84.48 
Sponges      2.09      1.74    1.33    1.66     4.28 88.76 
Hairy Triton Snail      0.37      0.97    1.24    1.30     4.00 92.76 
 
SIMPER Routine – Near Sites 
 
Factor Groups 
Sample Location 
28 JohnsHopkins 
43 JohnsHopkins 
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4 Muir Inlet 
13 Muir Inlet 
 
Group JohnsHopkins 
Average similarity: 85.87 
 
Species Av.Abund Av.Sim Contrib% Cum.% 
Hydrozoan turf     7.55  32.24    37.55 37.55 
Brachiopod     3.35  14.75    17.18 54.73 
Anemones     3.33  11.87    13.83 68.56 
Primnoa pacifica     3.55   9.76    11.37 79.93 
Sarcodictyon     1.75   7.82     9.11 89.03 
Sponges     1.04   3.91     4.55 93.59 
 
Group Muir Inlet 
Average similarity: 83.96 
 
Species Av.Abund Av.Sim  Contrib% Cum.% 
Primnoa pacifica     5.42  20.95    24.96 24.96 
Brachiopod     5.24  19.37    23.07 48.03 
Sarcodictyon     4.58  12.56    14.96 62.99 
Anemones     2.69  11.30    13.46 76.45 
Sponges     2.85  10.65    12.69 89.14 
Hydrozoan turf     1.25   4.72     5.62 94.76 
 
Groups JohnsHopkins  &  Muir Inlet 
Average dissimilarity = 36.51 
 
 Group JohnsHopkins Group Muir Inlet                         
       
Species           Av.Abund         Av.Abund Av.Diss Contrib% Cum.% 
Hydrozoan turf               7.55             1.25   13.82    37.85 37.85 
Sarcodictyon               1.75             4.58    6.20    16.99 54.84 
Primnoa pacifica               3.55             5.42    4.15    11.36 66.20 
Brachiopod               3.35             5.24    4.14     11.35 77.55 
Sponges               1.04             2.85    3.97     10.88 88.43 
Anemones               3.33             2.69    1.56       4.27 92.70 
  
SIMPER Routine – Mid Sites 
 
Factor Groups 
Sample Location 
62 Muir Inlet 
23 Muir Inlet 
66 West Arm 
37 West Arm 
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Group Muir Inlet 
Average similarity: 81.76 
 
Species Av.Abund Av.Sim Contrib% Cum.% 
Primnoa pacifica     5.89  18.49    22.61 22.61 
Brachiopod     4.74  18.07    22.10 44.71 
Barnacles     5.03  16.98    20.76 65.48 
Sponges     2.07   7.62     9.31 74.79 
Anemones     1.83   5.57     6.82 81.61 
Sarcodictyon     1.98   5.45     6.66 88.27 
Polychaete     1.28   4.40     5.38 93.65 
 
Group West Arm 
Average similarity: 85.56 
 
Species Av.Abund Av.Sim Contrib% Cum.% 
Primnoa pacifica     6.95  30.42    35.55 35.55 
Brachiopod     5.36  21.89    25.58 61.13 
Anemones     2.54  10.54    12.31 73.45 
Sponges     2.12   8.70    10.17 83.62 
Sarcodictyon     2.82   6.04     7.06 90.68 
 
Groups Muir Inlet  &  West Arm 
Average dissimilarity = 23.87 
 
 Group Muir Inlet Group West Arm                         
       
Species         Av.Abund       Av.Abund Av.Diss Contrib% Cum.% 
Barnacles             5.03           0.83    8.91    37.32 37.32 
Sarcodictyon             1.98           2.82    3.13    13.12 50.44 
Primnoa pacifica             5.89           6.95    2.72    11.39 61.82 
Polychaete             1.28           0.10    2.51    10.51 72.33 
Anemones             1.83           2.54    1.53      6.43 78.76 
Brachiopod             4.74           5.36    1.48      6.20 84.96 
Hairy Triton Snail             0.61           0.13    1.02      4.28 89.23 
Caryophillia arnoldi             0.21           0.58    0.79      3.32 92.55 
  
SIMPER Routine – Far Sites 
 
Factor Groups 
Sample Site 
53 1 
58 2 
 
Groups 1 & 2 
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Average dissimilarity = 27.69 
 
  Group 1  Group 2                                   
Species Av.Abund Av.Abund Av.Diss    Contrib% Cum.% 
Brachiopod     6.72     2.56    7.22    26.06 26.06 
Hydrozoan turf     2.37     4.71    4.06    14.65 40.71 
Barnacles     1.79     3.65    3.23    11.68 52.39 
Sponges     2.43     1.04    2.43     8.77 61.16 
Caryophillia arnoldi     1.24     2.63    2.42     8.73 69.89 
Sarcodictyon     2.17     3.52    2.35     8.48 78.36 
Anemones     2.78     1.81    1.68     6.08 84.44 
Hairy Triton Snail     0.51     1.43    1.61     5.80 90.24 
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